
1 

Satellite	Remote	
Sensing	of	Par1culate	
Ma5er	Air	Quality	

ARSET 
Applied Remote Sensing Education 

and Training 
 

A	project	of	NASA	Applied	Sciences	
	

Pawan Gupta  
NASA  ARSET- AQ – GEPD & SESARM 

 Atlanta, GA 
September 1-3, 2015 



 
  

Estimation of PM2.5 mass concentration at surface  
(µgm-3) while utilizing satellite derived Aerosol 

Optical Depth (AOD – unit less quantity) at visible 
wavelength 

OBJECTIVE 



What are we looking for ? & Why ? 
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AOD (or AOT) to PM 
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What Satellite Provides? 



Measurement 
Technique 

AOD – Column integrated value 
(top of the atmosphere to 
surface) - Optical measurement 
of aerosol loading – unit less. 
AOD is function of shape, size, 
type and number concentration 
of aerosols  

PM2.5 – Mass per unit 
volume of aerosol 
particles less than 2.5 
µm in aerodynamic 
diameter at surface 
(measurement height) 
level 



Support for AOD-PM2.5 Linkage 

o  Current satellite AOD is 
sensitive to PM2.5 (Kahn 
et al. 1998) 

o  Polar-orbiting satellites 
can represent at least 
daytime average aerosol 
loadings (Kaufman et al., 
2000) 

o  Missing data due to 
cloud cover appear 
random in general 
(Christopher and Gupta, 
2010) 
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AOD – PM Relation  

o  ρ – particle density 
o  Q – extinction 

coefficient 
o  re – effective radius  
o  fPBL – % AOD in PBL 
o  HPBL – mixing height  
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PM2.5 Estimation: Popular Methods 
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and Empirical Methods, Data Assimilation etc. are under utilized  

Difficulty Level 



Simple Models from Early Days 
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Wang et al., 2003 
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Gupta, 2008 

AOT-PM2.5 Relationship 
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TVM 

Predictor:  AOD + Meteorology 

Multi Variable Method 

Predictor: AOD  

Linear Correlation Coefficient between 
observed and estimated PM2.5 Gupta, 2008 
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Time Series Examples of Results from ANN 

Gupta et al., 2009 
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Satellite-derived PM2.5 = 

Scaling approach 
o  Basic idea: let an atmospheric chemistry 

model decide the conversion from AOD to 
PM2.5. Satellite AOD is used to calibrate the 
absolute value of the model-generated 
conversion ratio. 
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Liu et al., 2006,  



Annual Mean PM2.5 from Satellite 
Observations 

van Donkelaar et al., 2006, 2009 



Questions to Ask: Issues 

ü How accurate are these estimates ? 

ü Is the PM2.5-AOD relationship always  linear? 

ü How does AOD retrieval uncertainty affect 
estimation of air quality 

ü Does this relationship change in space and time? 

ü Does this relationship change with  aerosol type? 

ü How does meteorology drive this relationship? 

ü How does vertical distribution of aerosols in the 
atmosphere affect these estimates?  



The Use of Satellite Data 

o  Currently for research 
n  Spatial trends of PM2.5 at regional to national 

level 
n  Interannual variability of PM2.5 

n  Model calibration / validation 
n  Exposure assessment for health effect studies 

o  In the near future for research 
n  Spatial trends at urban scale 
n  Improved coverage and accuracy 
n  Fused statistical – deterministic models 

o  For regulation? 23 



Trade-offs and Limitations 

o Spatial resolution – varies from sensor 
to sensor and parameter to parameter 

o Temporal resolution – depends on 
satellite orbits (polar vs 
geostationary), swath width etc. 

o Retrieval accuracies – varies with 
sensors and regions 

o Calibration  
o Data Format, Data version 
o Etc. 



Assumption for Quantitative Analysis 

When most particles are 
concentrated and well mixed in 
the boundary layer, satellite AOD 
contains a strong signal of 
ground-level particle 
concentrations. 

No textbook solution!  



Shopping List - Requirements for this job 

o  A good high speed computer system 
o  Internet to access satellite & other data 
o  Some statistical software (SAS, R, Matlab, 

etc., IDL, Fortran, Python, etc.) 
o  Some programming skill 
o  Knowledge of regional air pollution 

patterns 
o  Ideally, GIS software and working 

knowledge 
o  Surface & Satellite Data 



Limitation: Vertical Distribution of Aerosols 



Vertical Distribution 

Engel-Cox et al., 2006 Al-Saadi et al., 2008 



Some online tools 



Suggested Reading 


